ABSTRACT
Introduction
Among the most important results in happiness research, which help to explain the Easterlin Paradox of flat or declining average life satisfaction over time in the US and other advanced economies, are the strong negative effects of comparison or reference income, found in many different contexts, but particularly for life satisfaction in Germany and the US (Akay and Martinsson, 2012; D'Ambrosio and Frick, 2012; Bartolini et al., 2012; Cuesta and Budria, 2012; FitzRoy et al., 2011a,b; Layard et al., 2010; Senik, 2009; Clark et al., 2008; Ferrer-iCarbonell, 2005; Luttmer, 2005; Blanchflower and Oswald, 2004) . However as Hirschman and Rothschild (1973) observed, just before the beginning of modern research on subjective well-being by Easterlin (1974) , comparison with a relevant reference group could have two very different effects. First, the role of status, based on comparison, which had already been emphasized by classical economists such as Smith and Mill, and by Veblen (1899) , and more recently by sociologists as 'relative deprivation' (Runciman 1966) , refers to evaluation of one's own current situation compared to the relevant reference group. However, Hirschman and Rothschild (1973) argued in the context of economic development and resulting inequality combined with rapid growth, that comparison could also indicate one's own future (relative) prospects. Thus a higher reference income in this context might be perceived as only a temporary 'relative deprivation', but also as an indicator of better future prospects, which they denoted 'the tunnel effect', with an inherently ambiguous net result on current subjective well-being.
While such effects in developing countries are plausible, there is also a natural asymmetry in likely response to relative income across age groups, which has received much less attention.
Young individuals everywhere are obviously more mobile and likely to see peer success as an indication of their own future prospects, (and perhaps be motivated to greater effort), than less flexible, older people. The careers of the latter group are fully determined at the latest by 3 retirement, so expectations lose relevance and current perceptions of relative status should dominate.
This asymmetry suggests estimating the effects of relative income separately for younger and older sub-samples, and here we generalize our earlier cross sectional results, which reported the first estimates for different age groups 1 and use the German Socio-Economic Panel (SOEP) and the British Household Panel Survey (BHPS) to estimate life-satisfaction separately for sub-samples of individuals under and over 45, as well as for the complete samples with all ages. We control for the time spent in the panels, and for age with flexible age-group dummies, and find a number of new results which differ from the previous literature.
With all ages, but controlling for time spent in the panel, and individual fixed effects to capture reverse causality and selection (Frijters and Beatton, 2012) , we find no effects of comparison income with the GSOEP. This differs from previous studies with GSOEP cited above, which all find large negative effects of comparison income using the full sample. The reason for this seems to be our use of flexible age dummies. With the usual quadratic age control we also find a negative comparison effect in the full sample.
Our main innovation is to actually find a positive significant effect of comparison income for those under 45, as well as the usual negative significant effect for the older group in West Germany, (confirming our earlier cross-section results), and these effects essentially cancel when all ages are aggregated. Using pooled OLS we do find a negative comparison effect for the whole sample in West Germany, and again the switch in sign from the young to the old (as in our earlier OLS cross section). Interacting age intervals with reference income yields a similar declining -from positive to negative -effect on happiness with age, as also found by Akay and Martinsson (2012) effects from an experimental survey in Sweden). However for East Germany we find comparison effects for the complete sample and the sub-samples are zero, and other coefficients also differ, (in contrast to Ferrer-i-Carbonell, (2005) , who found negative comparison effects for both East and West while aggregating all ages and using the usual age quadratic).
We also obtain similar results for the UK with the BHPS, which appear to be new. Here the comparison effect is negative for the complete sample with both pooled OLS and fixed effects. We find comparison effects for both age groups to be several times larger than very small (though highly significant) own-income effects in the UK, in striking contrast to Germany where magnitudes are similar, as they are in the US in Layard et al. (2010) . Already small, own income effects decline with age in the UK, in contrast to both German regions.
Thus fundamental results of happiness research change dramatically with flexible age controls, time-in-panel, and fixed effects, and after disaggregating by age: the seemingly robust negative effect of reference income disappears in the all-age SOEP samples, and turns positive in younger sub-samples in all our countries, (a result which is consistent with Hirschman and Rothschild's (1973) pioneering analysis, though not directly predicted by them), but remains strongly negative for older individuals. 2 And comparison income has no effect in the full sample in both parts of Germany, (and is actually insignificant in both age groups with fixed effects in East Germany).
Most happiness studies (including work on relative income cited above) control for age with a quadratic and find a robust U-shaped pure age effect (Blanchflower and Oswald, 2008) , though this does not capture the declining happiness of the oldest respondents in samples with all ages and cubic or non-parametric age controls (Fischer, 2009; Bartolini et al., 2012; FitzRoy et al., 2011; Wunder et al., 2013) . With fixed effects and controls for time in panel 5 and survey interview, (but no comparison income), Frijters and Beatton (2012) and Kassenboehmer and Haisken-DeNew (2012) show that the U-shape or middle-age decline in happiness disappears. We include comparison income as well as age-intervals, wave dummies, and time in panel, and with fixed effects find a hump-shape, (with only a moderate decline in happiness after 75), in West Germany and the UK. Only East Germany reveals a substantial dip in middle age, and a deeper fall after 75. These results are illustrated in Figure   1 , Appendix 1.
We have also formalised some of these ideas in a simple 2-period, life-cycle model with uncertainty, (Appendix 2). Depending on parameters, some members of the younger cohort may find that comparison income can signal either higher or lower expected lifetime relative income, and hence expected life satisfaction. In the second period, realised relative incomes have the usual effect. This is not a general model of relative income, since we do not consider optimizing responses to information and other issues, and focus on exogenous shocks to the labour market, and it does not predict all our results, but it does capture one novel result of the empirical analysis, namely the possibly positive (signalling) effect of higher comparison income on some members of a young cohort's expected well-being, an effect which is lost under the usual aggregation of age groups.
The plan of the paper is to provide a brief review of other tests of the signalling or tunnel hypothesis in section 2, followed by discussion of the SOEP and BHPS data and empirical results followed by robustness tests in section 3. Conclusions are summarized in section 4, and tables and a plot of age effects are in Appendix 1. The life-cycle model is in Appendix 2. Hirschman and Rothschild's (1973) Layard et al. (2010) , using the same GSS data, and by Luttmer (2005) and others with various data sets.
Other tests of the tunnel hypothesis and related literature
A different kind of test of the signalling effect of comparison income has been carried out by Clark et al. (2009) , using Danish establishment wage data, and finding that job-satisfaction is higher in establishments with higher average pay, which plausibly signals one's own prospects for promotion in the future. Interestingly in the light of our findings below and our life-cycle model, they find less effect for those near retirement. However, it is also likely that higher average pay will be correlated with work-place public goods as part of rent-sharing with workers, which may explain part of the observed influence.
Most of the earlier related literature does not directly address the tunnel hypothesis, but emphasizes the negative effects of comparison. Thus in an early study with UK data for employees, Clark and Oswald (1996) found a strong negative effect of reference income on job-satisfaction (which is generally an important component of life-satisfaction), equal in magnitude and opposite in sign to the own-income effect. Card et al. (2012) also find a negative effect of higher comparison income on job-satisfaction, when this information is first revealed to co-workers. There is also evidence for the importance of comparison in general from neuroscience (Fliessbach et al., 2007) , and from much work in psychology and behavioural economics as reviewed by Clark et al. (2009) . Our work suggests that it is vital to control for position in the life-cycle to distinguish between positive and negative effects, and also for individual fixed effects and 'reverse causality', because much happiness-enhancing behaviour and disposition is already imparted in early childhood (Headey et al., 2012) . People 7 with these early advantages go on to be healthier and more successful in careers and personal relationships, all of which are themselves major contributors to later well-being (Frijters and Beatton, 2012 ).
An alternative approach to distinguishing the status or positional, relative deprivation effect of comparison income from the signalling or tunnel effect by D'Ambrosio and Frick (2012) 
Empirical Analysis
Our dependent variable is an individual's self-reported life-satisfaction. Our main explanatory variables of interest are individual and comparison or reference income, which are both measured at the household level. 3 Instead of the usual quadratic in age we use age dummies for 10 year intervals. For the identification of the comparison or reference income, we make the standard assumption that an individual compares his/her own income with the average income of people who are in the same age range, have the same gender and have attained a 3 We control for size of household, and number of children.
8 similar education level. We therefore define an individual's reference group by age, education region and gender. With respect to age, we assume that an individual compares with peers in a similar age range. In particular, we use rolling 10-year-age intervals by assuming that an individual compares at point t with all peers up to 3 years younger and 6 years older.
Motivated by large and persisting socio-economic and cultural differences between West and East Germany (Pfaff and Hirata, 2011) , we estimate the same model for East and West
Germany separately, and find substantial differences.
To test the influence of reference income on life-satisfaction we estimate the following model:
where H . In particular, we include age-dummies with bands of 10 years. Our reference category are those respondents younger than 25.
We treat life-satisfaction scores as cardinal and comparable across respondents. This assumption is sometimes criticised in the economic literature, but unreported estimates from a random effects ordered probit model are qualitatively similar to the ones reported here. This 9 is in line with the findings of Ferrer-i-Carbonell and Frijters (2004) who demonstrate that the assumptions impact on the empirical results, so we proceed with pooled OLS and fixed effects estimates as in Layard et al. (2010) .
West and East Germany
The data used for Germany comes from the German Socio-Economic Panel (SOEP), which is a representative micro data set providing detailed information on individuals, families and households in Germany (Wagner et al. 2007 ). The SOEP was started in 1984 and has become a widely used database for social scientists. A major advantage is the comprehensive nature of the data set, which combines objective indicators (e.g. income, employment status, family structure), as well as subjective or self-assessed life-satisfaction. In this paper, we make use of the 2000-2010 waves of the SOEP and also split into subsamples of individuals under 45, and those older than (or exactly) 45. We have almost 158 thousand observations for 27,521 individuals in West Germany, and do not constrain ages as do Layard et al. (2010) .
Self-reported life-satisfaction is measured on an 11-point scale, 0 being the lowest value, while 10 is reported by individuals who are very satisfied with their actual life. Household income is measured after deducting taxes and social insurance contributions. For the identification of the reference income, we define an individual's reference group by gender, age (+3/-6), education (low, medium and high) and region (North, West, South-West, South).
In the case of East Germany, we distinguish two regions (North and South).
In the Appendix, tables 1a and 1b show brief summary statistics for West and East Germany.
Initially, it becomes obvious that individuals in East Germany are on average less satisfied with their life than those living in West Germany. This pattern corresponds to the fact, that
East Germans are more affected by unemployment and have significantly lower household income then West Germans. The differences in happiness and economic outcomes between West and East Germany holds true when we compare people within age groups. However, the 10 average life-satisfaction score in East Germany is still about 6.55, which is fairly high compared to self-reported happiness in the US (Layard et al. 2010 ). The (2011a, b, c)).
As expected, in East Germany the income coefficient has a larger magnitude than the one found for West Germany. In regions that are characterized by low income and high unemployment levels, own income has a higher relevance for individual well-being. In addition to this, results from the full sample indicate that reference income does not matter for individuals in East Germany. Interestingly, splitting the sample suggests that the positive comparison effect for the under 45s also holds in East Germany.
In the next step, we exploit the panel structure of the SOEP and take into account individual In East Germany, we find no comparison effects at all. This stands in contrast to Ferrer-iCarbonell's (2005) random effects probit estimates and our own estimates from the Pooled OLS model. The own-income coefficient is, as in the Pooled OLS model, substantially larger than in the Western sample, which is plausible in a poorer region. Another result is that own income becomes more important with age in East and West Germany.
In tables 4a and 4b, we report estimates with interactions of comparison income with 10 year age-interval dummies, and an interaction for over 45. 4 These obviously provide more detail than just the two sub-samples, but essentially confirm the main pattern, in particular the positive comparison effect for the under-45s in West-but not East-Germany, and the stronger own-income benefits for the over 45s. In the East, there is just one significant negative comparison effect for the 55-64 group.
The pure age effects from the age-interval dummies in the full sample, fixed effects estimates While there are differences compared to England, they are much less than between West and East Germany, so do not warrant separate estimates. The range of coverage of this data setwhich focuses on issues of interest to the social sciences, and for policy purposes, across the members of a specific sample of households -is similarly broad as the SOEP, although unsurprisingly not identical.
In the BHPS data set, self-reported life-satisfaction is measured on a 7-point scale, 1 being the lowest value, while 7 is reported by individuals who are very satisfied with their life overall.
For the identification of the reference income, we define an individual's reference group by gender, age (+3/-6), education (low or high), region (south of England, north of England, outside of England) and BHPS wave.
In the Appendix, table 1c shows summary statistics for the BHPS data. To make approximate comparisons 6 with overall life satisfaction in Germany, a simple linear transformation can be undertaken (subtract 1, then multiply by 5/3). BHPS individuals have higher overall life satisfaction than in East Germany, but less than in West Germany. When the complete age range is considered, the UK average is pretty close to its counterpart from West Germany.
However, for the younger age group, the BHPS average is relatively lower and nearer to its 5 Technically, the earlier waves of the BHPS were limited in coverage to Great Britain. In our case, this is true up to Wave 10. The full United Kingdom (including Northern Ireland) is covered in Waves 12-18. BHPS data are available via the UK Data Service (formerly the UK Data Archive). 6 Although a linear transformation can provide arithmetic equivalence, this does not negate underlying issues concerning the question of whether such scales are cardinal (with points on the scale representing equal distances in the strength of response) or simply ordinal (in which case the mean is a problematic concept).
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East German equivalent. The BHPS contrasts with the SOEP, in that the older age group displays higher life satisfaction. This effect looks somewhat surprising, given the 23% lower relative household income observed for the older age group in the UK case. The crosscountry difference in age-income profile could, however, be linked to the use of a gross household income measure in the UK case. Fixed effects results (table 3c) include a comparison income effect, in the full sample, that is negative and only statistically significant at the 10% significance level. The sample split very clearly demonstrates the difference between the two age ranges 8 -with the comparison income effects statistically significant and positive in the younger group, and of the opposite sign (but again significant) in the older group. This pattern is very similar to West Germany.
Also, own household income has a noticeably larger effect among the younger group (in contrast to the results for Germany) -and this effect is, rather surprisingly, much smaller throughout than the impact of comparison income. It is of course also much smaller than the own income effect in Germany (as also found by Helliwell et al. (2012) , who did not, however, include reference income).
7 This can be confirmed by estimation for the whole sample with an interaction dummy for age 45+. 8 However, the age split for which results are shown in columns (2) and (3) cannot be simply expressed as a generalised case in column (1) -since there, under fixed effects estimation, the correlation between the two components of the disturbance term takes a particular value; whereas, in general, this correlation will take different values in each of columns (2) and (3).
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In The pure age effects are plotted in Figure 1 (column 1 of tables 3c) and are very similar to West Germany.
Robustness Tests
Here we summarise the results of additional tests which support the robustness of our main results. 11 As a first test, we excluded the income of an individual when constructing his comparison income. Since comparison income was on average calculated on the basis of two or three hundred individual observations, excluding own income did not affect comparison coefficients. Second, we constructed reference groups with fixed age categories instead of rolling age windows. This still preserved the West German (though not the BHPS) results. 9 The overall effect of comparison income is negative and significant at the 10% level for the under 25s, but is negative overall (albeit insignificant) for the 35-44 age group. 10 Results for an unreported specification with fixed effects, age group interactions and an age split either side of the 45 th birthday, show statistically significant positive overall effects for comparison income in the younger age range (like in column (2) In view of widespread use of quadratic age controls and random effects we have also estimated such models and found similar comparison income effects for the two age groups in West Germany, and kept signs but lost significance in the UK. Surprisingly, random effects yielded the only significant and positive effect of comparison income for the younger group in East Germany. The quadratic age coefficients were almost always negative, and hence consistent with the results of our flexible age-interval estimates.
Regional unemployment is a potential signalling variable, but refers to economic prospects for all. Its inclusion did not change the effects of comparison income, which is obviously a much more precise, micro-measure, in any of the three samples (nor did state-year interactions). Furthermore, comparison income is a relative indicator: if you are currently young and doing badly compared to your peers, their higher income suggests you could do better and improve your relative standing in the future.
Finally, the age-happiness plots in Figure 1 were derived from estimates in the full samples with all ages, though we actually reject this specification. We therefore looked at age-interval coefficients in the subsamples and found similar patterns.
Conclusions
We present strong panel evidence for the tunnel effect in West Germany and the UK, with very robust positive comparison income coefficients for the subsample under 45, and the more familiar negative effects of comparison for older individuals. Surprisingly, with fixed effects these coefficients are equal in magnitude in West Germany, yielding no overall comparison effect for the full sample, in contrast to previous work with German SOEP data yielding a negative effect. Our panel estimates control for individual heterogeneity, and time 16 in the panel. Flexible age-interval dummies (instead of the usual quadratic) yield a humpshaped pure age pattern. In the UK, the comparison effect is still negative in the complete sample with all ages, and the own-income effect is much smaller than the comparison effect.
In East Germany, fixed effects estimates show little significant comparison, suggesting a stilldifferent culture long after reunification.
Our paper indicates that life-satisfaction and other measures of well-being clearly need to be estimated separately for young and old in future research, and that the explicit role of expectations, mobility and inequality seem worth exploring for their relevance to well-being and social comparison. Furthermore, our results provide an additional explanation for the observed trends in happiness in industrialized/developed countries. Due to ageing populations, and shrinking shares of young people (who are likely to experience gains in well-being from increasing reference income and economic growth), average happiness is more likely to stagnate. 
Appendix 1 -Tables

Theory
In this section we set out a model that supports our empirical findings -specifically the finding that, in the early stages of working life, the average income of the comparison group may have either a positive or insignificant effect on reported happiness or life-satisfaction.
The essential insight we wish to capture is that life-satisfaction may depend on not just a comparison of a person's own current income with the current income of their peers, but also on a comparison of how their life as a whole is going relative to their peers, and so on relative lifetime income. Of course early in their working life people do not know for sure how their lives might pan out and, in particular, how not just their own lifetime income but that of the comparison group will evolve. So they use information about how their life has gone to datespecifically their current income and that of their peers -to draw inferences about how things might go in the future. In this context a high current income of the comparison group may signal that there has been a significant amount of promotion to date and hence future promotion prospects and so expectations of relative future lifetime income are good.
The aim of the model is to formalise this idea and show that there are indeed contexts in which, in the earlier part of working life, the current income of the comparison group may be positively associated with reported happiness.
The Model
The model is framed in a way that is consistent with the data on which the empirical analysis has been conducted. So it is assumed that individuals' working lives are split into two periods.
We also assume that all individuals have a comparison/peer group with whom they compare how their lives are going. Accordingly we consider a sub-population of individuals who are identical in terms of some observable characteristics: age, educational attainment, location 26 etc. This constitutes the comparison/peer group to which everyone within the sub-population compares themselves.
Though identical in certain respects, individuals differ in some other characteristics that are unobservable to them but will manifest themselves over the course of their lifetime in two different respects:
• where 0 σ > represents a smartness factor -the extent to which promoted people get an extra income supplement to reflect the value of real smartness rather than the flashiness of a Hare. In Period 2 some of the Hares who were promoted in period 1 will turn out not to actually have much substance and will be Dull Hares. Having already been promoted they tread water in terms of income and so in period 2 get current income 2
(1 )
